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REDUCTION OF UAul GROWTj-f 
The invention relates to reducing hair growth j-n mammals. 
A main function of mammalian hair is to provide environmental 
protection. However, that function has largely been lost in humans, in whom hair is 
kept or removed from various pans of the body essentially for cosmeuc reasons. 
For example it js generally preferred to have hair On the scalp but not on the face. 

' Various procedures have been employed to remove unwanted hair, 
including shaving, electrolysis, depilatory creams or lotions, waxing plucking, and 
therapeutic anti androgens. These conventional procedures generally have drawbacks 
associated with them. Shaving, for instance, can cause nicks and cuts, and can 

leave a nercer>tion rvf -in inn-*;^* i» tin* ^ia , k r k.:. <l cm _ . i. 

.... — ^ „. w „ „ k Mftfc4a i „ S1 vrm. ^iitAVHi^ tijso can 

leave an undesirable stubble. Electrolysis, on the other hand, can keep a treated 
area free of hair for prolonged periods of time, but con be expensive, painful, and 
sometimes leaves scarring. Depilatory creams, though very effective, typically are 
not recommended for frequent use due to their high irritancy potential. Waxing and 
plucking can cause pain, discomfort, and poor removal of short hair. Finally, 
antiandrogens - whjch have been used to treat female hirsutism - can have 
unwanted side effects 

It has previously been disclosed that the rate and character of hair 
20 growth can be altered by applying to the skin inhibitors of certain enzymes. These 
inhibitors include inhibitors of 5*alpha reductase,, ornithine decarboxylase, S- 
adenosylmethronitte; decarboxylase, gamrnagiutaumyl transpeptidase. and trans- 
glutaminase. See, for example, Breuer ct al., U.S. Pat. No. 4.8S5,2S9; Shander, 
U.S. Pal. No. 4,720,489; Ahluwalia. U.S. Pat No. 5,095,1)07; Ahiuwaha et ah, U.S. 
25 Pat. No. 5,096.911; Shander ct til., US. Pal. No. 5,122,293; mid Shander ct al., U.S. 
Pat. No. 5,142,925. 

Matrix rnctatloproteinases (MMPs) arc a family of proteolytic 
enzymes which together, are capable of breaking down specific proicin component 
of the exuaccllular mauix, including collagen, laminin and fibronectm. At least <) 
30 different matrix metalloproteinases have been identified, including MMP-] 

(interstitial collagenase), MMP-2, (72kD coilagenase), MMT-3 (stromelysin), MMP- 
4 (telopepudase), MMP-5 (collagen endopepiidase). MMP-6 (acid 
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matalloproteinase). MMP- 7 (uterine roetaliop^imise), MMP-8 (neutrophil 
collagenasc), and VIMM (92kD eoliagennse). 

Sever/* .orr.mon characteristics ire shared by members of- the MMP 
family. For example, their catalytic activity i s dependent upon 2ine at the active 
5 center; tbeir secreted form can be activated by other proteinases: their eDNA 

sequences all show homology: They can act upon onti or mors components of the 
extracellular matrix, gften witli overlapping subytraie specificity; and their activity 
can be regulated, at lcV>t in part, by endogenous inhibitors. See generally Emcnard 
and Grimaud, Cell. Molcc. Biol 30:131-53, (1090); Mauch el «!„ Arch. Dermatol. 
10 Res. 287: j 07- 1 4, (1994). 

MMPs are presreni in all tissues inelurKnn ch'n onH k*;,. r^n;-i— 

B ■ — ..— . I viilbti.J, 

although their role in These two tissues remains obscure. In genera], these enzymes 
play a significant role in physiological processes such as re-tphhelializaiion that 
occurs during wound healing. Additionally, MMPs may contribute to the 
15 pathogenesis of a variety of disease states. It alio is possible that MMPs contribute 
to the extensive eel] migration during continuous renewal that both skin and hair 
follicles undergo fLafuma et a|. t J, Invest, DermuioL 102:943-950, 1994; Inoue et 
al. J. Invest. Dermatol 104:479-483, 1995). 

Both direct and indirect inhibitors of MMPs arc known. One form of 

20 indirect inhibition of MMPs involves stimulating an increase in the expression ox 
catalytic activity of endogenous tissue-derived inhibitor* of MMP. Known indirect 
inhibitors that apparently act via this mechanism include bromo-cyclic adenosine 
monophosphate; proiocaicehuic aldehyde (3,4-dihydroxyben7.aldchyde.); and 
estramustine (estradiol-3-bis(2-chioroethyl)carbam&U3). 

2o lihsx now been found that unwanted mammalian (including human! 

hair growth - particularly androgefi-siitnulaicd hair i^owth - can be reduced by 
applying to the skin a composition including an inhibitor of an MMP in an amount 
effective to reduce hail* growth. The unwanted bair growth which is reduced may 
be normal hair growth or hair growth that results Irora an abnormal or diseased 

30 condition. 

Examples of inhibitors clan Mr-IP include U0-phenanthraline (o- 
phenanthroline); barimisut also known ay BB-94 t f4-(N-hydroxyamino)-2K-isobuty|. 
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3S-(thiopen-2-ylihioinethyl)-3^ 

aJkylamino-based compounds such as N-[-1-(R)-caiboxy*3-(l,3-dihydro-2H- 
benz[i]isoiadoI-2-y2)pi-opylj.N', N'-dimuihyl-I.-kuciriaaiiclc, triiluoroaceUuc (J. Med 
Cmm. 36:4030-4039. 1993;; manmistat (BH-25 1 6); N-chiororaurine; 
eicos&pentaenoic acid; matlyitatin-B; actinonin (3-fP -f|2-(hydroxymediyl)-]- 
pyrolidinyljcarbamoylj-ocianohydroxamic acid); N-phosphonaJkyl dipepiide* such as 
N4N-(fR)-]-phosphonopropy]M^ (J. 
Med. Chem. 37:158-169, 1994), pcptidyl hydroxamic acids such as pNH~-Bz-CJy- 
Pro-D-Leu-D-Ala-NHOH flBiophy*. Biochwn. Res. Comm. 199:1442-1446, 1994); 
RoO 1-7467, also known as 2-[(5-bromo-2* 3-dihydi'o-6-hydroxy- 1 , 3-dioxo- 
lHbcnz[di]isoquinoliij-2. r !)nicihyl] (hydroxy>rphosphiayl>N-(2-oxo-3- 
^acydotridccanyl)-4.merhylvaJerainidc; CHI 66. also known as N1{N-12- 
Onorphonnosulphun>lamino)-^^ 

2-(R)-p-(4-mtihylphcnyJ>propyiJ-succinamidc (Biochenv J. 308:167-175, 1995); 
15 bromocydic-adenosinc monophosphate; proloeateehuic aldehyde (3,4- 

dihydroxybenzaidehyde); estramustine (esiradial-3-bis(2-chiorocihyl)earbainatc). 

A particular inhibitor may inhibit more than one MMP. The inhibitor 
ma)' inhibit, for example, (interstitial collagen-we), MMP-2 (72JcD 

coliagenase), MMP* 3 stroineiysin), MMP-4 (telopeptidose), MMP-5 (collagen 

20 endopeptidase). MMP-* (acid rnetalloproteiuase), MMP-7 (uterine 

metalLoproteinase), MMP- 8 (neutrophil L-ollagenusft), and/or MMP-9 (92KD 
collagenase). -Direct and/or indirect inhibitor of an MMP may be used. 

The inhibitors of ihc MM? preferably are incorporated in a topical 
composition that preferably includes a non-toxic dermalo logically acceptable vehicle 

25 or carrier which is adaptcd'to be spread upon the skin. Examples of suitable 
vehicles arc acetone, alcohols, or a cream, lotion, or gel which can effectively 
deliver the active compound. One such vehicle is disclosed to copending 
application PCTAJS93/0506A. In addition, a penetration enhancer may be added to 
the vehicle to further enhance the effectiveness of the formulation. 

30 The concentration of the inhibitor in the composition may be varied 

over a wide range up to a saturated solution, nreferably from 0.1% to 30% by 
weight or even more; the reduction of hair growth increases as the amount of 
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inhibitor applied increases per unit area, of skin. The maximum amount effectively 
applied is limited only by the rate at which xnh inhibitor penetrates the skin. The 
effective amounts may range, for example, from JO to 3000 microgram * or more 
per square centimeter of skin. 
5 The composition should bo topically applied 10 a schxiud area of the 

body from which k i< desired to reduce hair growth. For example, the composition 
can be applied to the face, particularly to the heard area of ihcs face, i.e., the cheek, 
neck, upper lip, and chin. The composition can also be applied to the legs, arms, 
torso or armpits. The composition is particularly suitable for reducing the growth 

JO of unwanted hair in women suffering from hirsutism or other condhioas. In 
humans, the composition should be applied once nr rwic? 2 day, csr ever, more 
frequently, for at least three months to achieve a perceived reduction in hair 
growth. Reduction in hair growth is demonstrated when the frequency or hair 
removal is reduced, or the subject perceives less hair on the treated site, or 

15 quantitatively, when the weight of hair removed by shaving (i.e., hair mass) is 
reduced. 

Male intact Golden Syrian haui&wcxs are considered acceptable models 
for human beard hair growth in that they display oval shaped flank organs., one ou 
each side, each about S mm. in major diameter, which grow thick black and coar.se 

20 hair similar to human beard hair. These organs produce haic in response to 

androgens in the hamster. To evaluate the effectiveness of a composition including 
an inhibitor of an^MMP, the flank organs of each of a group of hamsters are 
depilated by applying a thiojjlycolate based chemical dopUaiory (Surgcx). To- one 
organ of each antmaJ 10 ul. of vehicle alone once a day is applied, while 10 the 

25 other organ of each animal an equal amount of vehicle containing an inhibitor of a 
matrix racial ioproteinase is applied. After thirteen applications (one application per 
day for five days a week), the flank organs art shaved end the amount of recovered 
hair (hair mass) from each is weighed. Percent- reduction of hair growth is 
calculated by subtracting the hair mass (mg) value of the test compound treated side 

30 from the hair mass value of the vehicle Lrealod side; the delta value obtained is then 
divided by the hair mass value of the vehicle treated side, and the resultant number 
is multiplied by 100. 
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Th« above-described asjay will be referred u> herein as Che "Golden 
Syrian hamster" assay. Preferred compositions provide a reduction in hair growth 
ui Icasi about 25%, more preferably ai least about 50%, and most preferably at 
easi about 60% when tested in the Golden Syrian hamster assay. A number of 
.nhi biters were tes;ed m tlie Golden Syrian hamster assay; the results arc provided 
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The matrix meulloproLcinascs MMPO (72kD coLlagenase) and 
MMP-9 (92kD coii»«:enase) were assayed in flank orgaa hair follicle homogenates 
using a zymoaraphic assay. Zymography is an cicctrophoretic technique used to 
identify proteolytic activity i n enzymes separated in polyacryiamide gels under 
5 nondenaturing conditions (Kleiner and Nteiler-Stevenson, Analytical niochemi^p> 
218:325-329. 1 994;, Flank organ hair follicles were removed from untreated 
hamsters and homogenized in a buffer containing 25 mM Tris, pi I 7.5, and 50 mM 
sucrose. Sampled of the homogenate were added to an equal volume of zyinoyram 
sample buffer containing 63 mM Tris-HCI, pi r 0.8. 10% glycerol,. 2% SDS, and 

10 .0025% bromopheno] blue. (Note: all builers and acryiamido gel.,' were obtained 

.. . ^.-t-w. w.-w,. i tm. ^aKi|.in-a ia^uL»<3Lcu it>r iv minuics at room 

Temperature and then loaded onto a precast 10% Tm-Glycine gel with 0.1% gelatin 
incorporated throughout the gel. The gul was clcctrophorcscd at 125 constant, volts 
for about 90 minutes. The gel was incubated for 30 minutes in renaruring buffer 

15 consisting of 2.5% niton X-100 followed by incubation in developing buffer which 
contained 10 mM Tris-base, 40 inM Tris-HCI, 200 mM NaCl, 5 mM CaCU r and 
0. 02% Brij 35. The developing buffer was decanted after 30 minutes and replaced 
whh fresh buffer for incubation ovcrnighL. 

Fcir inhibition experiments, the inhibitor was included in the 

20 renaruring and development buffer steps. The gel was stained with Coornassie blue 
0.25% for 1 hour and then detained overnight. Transparent bands were vtsualbxd 
against a blue Bact^gfound. MMP-2 and MMP-9 standards were supplied by 
Oncologix (GaiihcrsbuTg, l^D). The relative degree of digestion, representing 
collagenase activity, was quantitated by scanning phoio^aphs of the gels using 

25 Adobe Thotoshop (Adobe Systems inc.. Mountain View, CA) and IPLab Gel 

(Signal Analytics, Vienna, VA) software. The- images were digitally inverted so 
that the integrations of bands would be reponed as poshive values. This method of 
analysis was standardised with respect to protein concentration. The results are 
Provided in Table 2 and Table 3. 
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Table II 

Percent Inhibition of Flank Organ MMP-2 Collagenase Activity 

CoQgc.n tnuion 

Cpmppyn,d 0.1 niM 0.5 mM i m M 



00 



5 Tetracycline 3] 54 

Minocycline - . -j 

Doxycyclnae 89 |Q0i 

Methacyciine _ ^qq 

1 l A-P^i»nftnrhTiN«» 1AA i /\ A 

— ^ IWV • 

10 - — concentration wctc not r.ested. 

Table III 

Percent Inhibition of Flank Organ MKfP«9 Collacenase Attiiviiy 

15 Compound 0.L mM 0.5 mM _LmM 

Tetracycline 49 70 100 

Minocycline . . ]qq 

Doxycycline . « r t 28 100 

Meihacyclinc - _ 1 00 

20 lJO-Phenaxxthralinc 1 00 - 100 

- *» concentration were not tested. 

Other embodiments arc within the claims. 
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CLAIMS 

A method of reducing mammalian hair growth which comprises 
selecting an area of skin from which reduced hair growth is desired; 



and 



5 applying to said area of skin a rjerrnatologically acceptable 

composition comprising an inhibitor of »/mMp\i an amount effective to reduce 
hair growth. 

2 * The rneihod of claim 1, wherein said inhibitor comprises 1 , 1 u- 

phenanthraline. 

10 3 - The method of claim l f wherein said inhibitor comprises batimistai. 

4 * The method of claim 1. wherein said inhibitor 

5 - The method of claim I. wherein said inhibitor comprises N- 

chlorotaurine, 

6* The mcihod of claim I , wherein said inhibitor comprises 

15 eicosapentaenoic acid. 

7 * "The method of claim 1, wherein said inhibitor comprises matiysiaUn- 

B. 

The method nf claim L wherein said inhibitor comprises acrinonin. 
^* The method of claim t, wherein said inhibitor comprises an N- 

20 phosphnnalkyl dipeptide, 

^ The method of claim 9, wherein said inhibitor comprises N-[N[((R)- 

^phosphanopfop)tf>(SW 

* J ■ The method of claim J, wherein said inhibitor comprises peptidyl 

hydroxamic acid. 

25 The mcihod ofekim 11, wherein said inhibitor comprises pNH 2 -Bz- 

Gly-Pro-D-Leu-t>-Ala-K r HOH. 

The method of claim I, wherein said inhibitor comprises 2-[(5- 
bromo-2J-dihydro-fvhydroxy-l,3-dioxo-lH^ 

yl)merJiyl](hydroxyMphMpW^^ 
30 methylvaieramide 

fhe method of claim 1, wherein said inhibitor comprises an analogue 
of Nl {N-p-fmorpholinosutphonylamlM^ 
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N4-hydroxy-2-(R)-[3-(4-mcihylplienyl)propyJJ-succinDiTiidc. 

Tht method r>K claim J f wherein said inhibitor bramo- cyclic 
adenosine monophosphate. 

The meJiod of claim 1. wherein said inhibitor comprises 
5 proiocatochuic aldehyde, 

The method of claim 1, wherein said inhibitor comprises 

estrajrrustinc. 

iS - T * 1L: method of claim J, wherein the concentration of said inhibitor of 

in said composition is between 0.1% and 30%. 
10 The method of claim h wherein the composition provides a reduction 

in hair growth of at least 25% when tested in the Golden Syrian hamsLor assay. 

20- The rnethod of claim 1. wherein the composition provides a reduction 
in hair growth of at least 50% when tested in the Golden Syrian hamster assay. 

21- The method of claim 1, wherein ihe composition provides a reduction 
1 5 in hair growth of at feist 60*-i when tested in the GoJden Syrian hamster a^say . 

22. The method of claim I, wherein ihe inhibitor is applied to the skin in 
an amount of from 1 0 to 3000 micrograms of said inhibitor per square centimeter of 
skin. 

23. The method of claim J, wherein said mammal is a human. 

20 24. The method of claim 22, wherein said area of skin is on the face of 

the human. 

25- -Vh^ method of claim 22, wherein said area of skin is on a leg of the 

human. 

26. The method of claim 22, wherein said area of skin is on an arm of 

25 the human. 

27- The method of claim 22, wherein said area of skin is in an armpii of 
ihe human. 

28- The meihod of claim 22, wherein said area of skin is on tht torso of 
the human. 

30 29. The method of claim 22 t wherein said human is a vvoman suffering 

from hirsutism. 

30. A method of reducing mammalian hair growth which comprises 
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selecting an area of skin from which reduced hair growth is desired; 



and 



applying to said area of skin a dermatologically acceptable 
composition comprising an inhibitor 72kO cnUagenase in an Amount etTeciive co 
reduce hail* growth. 

3 A rocihod of reducing mammalian hair growth which comprises 

selecting an area of *kin from which reduced hair growth is desired; 

and 

applying to said area of skin a dermaiologkaliy acceptable 
composition comprising an inhibitor of 92kD collagenuse in an amount effective to 
reduce hair growLh. 

32. A method of reducing manun: 1 ;::! hair growth which comprises 
selecting an area of skin from which reduced hair growth is desired; 

and 

applying to said area of skein a dermaiologically acceptable 
compoa'cion comprising u compound that increases the activity of endogenous 
tissue-derived inhibitors of an MM? in an amount effective to reduce hair growth, 

33. A method of reducing mammalian hair growth which comprises 
seating an area of skin from which reduced hair yrowih is desired' 

20 and 

increasing the activity of endogenous tissue-derived inhibitors in said 
area of skin stffflcjejitly to cause a reduction in h£ur growth. 

34. a. method of reducing mammalian hair growth which comprises 
selecting an area of skin from which reduced hair growth is desired; 

25 and 

inhibiting the action of an M MP in said area of skin sufficiently to 
cause a reduction in hah' growth, 
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